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SYSTEMS AND METHODS FOR RESOLVING DESCRIPTION OF THE DRAWINGS 
POSITIONAL AMBIGUITIES USING ACCESS 

POINT INFORMATION The exemplary embodiments will hereinafter be 
described in conjunction with the following drawing figures , 

TECHNICAL FIELD 5 wherein like numerals denote like elements , and wherein : 
FIG . 1 is a conceptual block diagram of a positioning 

The technical field generally relates to mobile platforms . system in accordance with various embodiments ; 
The technical field more particularly relates to systems and FIG . 2 is a conceptual block diagram of a positioning 
methods for correcting positional data of such mobile plat - module in accordance with various embodiments ; 
forms in the presence of ambiguities . 10 FIG . 3 is a flowchart depicting a positioning method in 

accordance with various embodiments ; and 
BACKGROUND FIG . 4 is a flowchart depicting a position prediction 

method in accordance with various embodiments . 
Recent years have seen an increase in the use of mobile DETAILED DESCRIPTION platforms incorporating both wireless networking capabili 

ties ( e . g . , WiFi ) and global positioning system ( GPS ) capa The subject matter described herein generally relates to bilities . Such mobile platforms include , for example , mobile systems and methods for correcting or otherwise reducing 
computing devices , such as laptop computers , tablet com the ambiguity of GPS position data ( e . g . , in the case where 
puters , smartphones , etc . , and systems of transportation , 20 GPS satellite coverage is non - optimal ) using information 
such as automotive vehicles , buses , motorcycles , trains , available about the position of wireless networks , such as 
marine vessels , aircraft , rotorcraft and the like . WiFi access points , in the vicinity of the mobile platform . As 

Under most conditions , current GPS systems are capable used herein , the term “ mobile platform ” includes mobile 
of quickly providing highly accurate positioning data . Nev computing devices , such as laptop computers , tablet com 
ertheless , under non - optimal conditions , GPS systems might 25 puters , smartphones , etc . , and systems of transportation , 
provide ambiguous data — for example , in cases where the such as automotive vehicles , buses , motorcycles , trains , 
mobile platform is in a position in which the optimal number marine vessels , aircraft , rotorcraft and the like . Data regard 
of GPS satellites may not be observable by the mobile ing the positions of respective access points is stored on a 
platform , such as a canyon , a tunnel , a parking garage , etc . remote server ( e . g . , in the " cloud ” ) and is requested and 

Accordingly , it is desirable to provide more robust sys - 30 received by the mobile platform when necessary . This 
tems and methods for determining the position of a mobile information regarding the position ( s ) of known access points 
platform relative to its environment in cases where the GPS APs is then “ fused ” with the GPS position data to arrive at 
positioning data is ambiguous . Additional desirable features a more accurate estimate of position . 
and characteristics of the present invention will become The following detailed description is merely exemplary in 
apparent from the subsequent detailed description and the 35 nature and is not intended to limit the application and uses . 
appended claims , taken in conjunction with the accompa - Furthermore , there is no intention to be bound by any 
nying drawings and the foregoing technical field and back expressed or implied theory presented in the preceding 
ground . technical field , background , brief summary or the following 

detailed description . As used herein , the term “ module ” 
SUMMARY 40 refers to an application specific integrated circuit ( ASIC ) , an 

electronic circuit , a processor ( shared , dedicated , or group ) 
In accordance with one embodiment , a positioning and memory that executes one or more software or firmware 

method includes acquiring GPS position data associated programs , a combinational logic circuit , and / or other suit 
with a mobile platform from a plurality of GPS satellites able components that provide the described functionality . 
observable by the mobile platform . A set of wireless range 45 Embodiments of the present disclosure may be described 
measurements associated with the mobile platform and a herein in terms of functional and / or logical block compo 
plurality of wireless access points in communication with nents and various processing steps . It should be appreciated 
the mobile platform are received ( e . g . , via time - of - flight that such block components may be realized by any number 
measurements ) . Wireless position data associated with the of hardware , software , and / or firmware components config 
plurality of wireless access points is received from a server 50 ured to perform the specified functions . For example , an 
communicatively coupled to the mobile platform over a embodiment of the present disclosure may employ various 
network . A corrected position of the mobile platform is integrated circuit components , e . g . , memory elements , digi 
determined based on the wireless position data , the wireless tal signal processing elements , logic elements , look - up 
range measurements , and the GPS position data . tables , or the like , which may carry out a variety of functions 

In accordance with one embodiment , a positioning mod - 55 under the control of one or more microprocessors or other 
ule for a mobile platform includes a processor and a control devices . In addition , those skilled in the art will 
memory . The memory is configured to store software appreciate that embodiments of the present disclosure may 
instructions that , when executed by the processor , cause the be practiced in conjunction with any number of mobile 
processor to : acquire a set of wireless range measurements platforms , and that the mobile platform described herein is 
associated with the mobile platform and a plurality of 60 merely one example embodiment of the present disclosure . 
wireless access points in communication with the mobile For the sake of brevity , conventional techniques related to 
platform ; receive , from a server communicatively coupled to signal processing , data transmission , signaling , control , and 
the mobile platform over a network , wireless position data other functional aspects of the systems ( and the individual 
associated with the plurality of wireless access points ; and operating components of the systems ) may not be described 
determine a corrected position of the mobile platform based 65 in detail herein . Furthermore , the connecting lines shown in 
on the wireless position data , the wireless range measure the various figures contained herein are intended to represent 
ments , and the GPS position data . example functional relationships and / or physical couplings 
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between the various elements . It should be noted that many example , ephemeris data ( used to calculate the position of 
alternative or additional functional relationships or physical each satellite 101 - 103 in orbit ) and information about the 
connections may be present in an embodiment of the present time and status of the entire satellite constellation - i . e . , the 
disclosure . " almanac . ” In general , such information is referred to herein 

Referring to FIG . 1 , a positioning system 100 generally 5 collectively as “ GPS position data . " In one embodiment , the 
includes a mobile platform 160 in communication with ( e . g . , GPS position data is provided relation to an earth - centered , 
within range of ) one or more wireless access points ( “ APs ” ) earth - fixed ( ECEF ) coordinate frame , as is known in the art . 
141 and 142 . Such mobile platforms 160 include , for While FIG . 1 illustrates three satellites 101 - 103 , it will be 
example , mobile computing devices , such as laptop com - appreciated that mobile platform 160 may , depending on the 
puters , tablet computers , smartphones , etc . , and systems of 10 conditions , observe a greater or lesser number of such 
transportation , such as automotive vehicles , buses , motor - satellites . While it is generally desirable that at least four 
cycles , trains , marine vessels , aircraft , rotorcraft and the like . GPS satellites be observable at all times ( to provide suitably 
Dotted lines 151 and 152 designate , respectively , the dis accurate position data ) , in the case of urban canyon envi 
tance or " range ” from mobile platform 160 to APs 141 and ronments and the like it is not unusual for only two or three 
142 . Mobile platform 160 is also capable of communicating 15 satellites to be observable . Under such conditions , as men 
with , and determining its position with respect to environ - tioned above , the position data derived from satellites 101 
ment 110 , using one or more positioning satellites ( e . g . , GPS 103 may be ambiguous . In such cases , however , there may 
satellites ) 101 , 102 , and 103 . Dotted lines 111 , 112 , and 113 be many APs within range of mobile platform 160 ( e . g . , 
designate the distances ( or " ranges " ) from mobile platform within a neighborhood with a dense concentration of access 
160 to GPS satellites 101 , 102 , and 103 , respectively . 20 points ) . 
Mobile platform 160 is further configured to communicate Referring now to FIG . 2 in conjunction with FIG . 1 , a 
with a backend server ( or simply “ server ” ) 192 over a more detailed block diagram of positioning module 170 in 
network 190 . accordance with an exemplary embodiment will be 

As described in further detail below , server 192 includes described . In general , module 170 includes a processor 202 
a database 194 configured to store positional data 195 25 ( e . g . a microprocessor , microcontroller , etc . ) , a memory 
associated with APs 141 and 142 . This data may take a component 204 ( e . g . , RAM , ROM , etc . ) , and storage com 
variety of forms , but in one embodiment includes a list of ponent 206 ( e . g . , a solid - state drive ( SSD ) , a convention 
APs ( indexed by the unique MAC address of each AP ) along hard - drive , or the like ) . Processor 202 is configured to 
with geographical positions of those APs in a suitable execute software instructions stored in memory component 
coordinate frame ( e . g . , an ECEF coordinate frame ) . That is , 30 204 to provide the functionality described herein . In general , 
server 192 knows , a priori , and within some acceptable module 170 is , in general , configured to produce “ corrected ” 
range of accuracy , the positions of APs 141 and 142 within ( e . g . , more accurate ) position data 215 based on a variety of 
environment 110 . Using this data , in conjunction with other inputs . 
available information , a positioning fusion module ( or sim - In the illustrated embodiment , module 170 receives GPS 
ply “ module ” ) 170 within mobile platform 160 is configured 35 position data 211 , corresponding , for example , to pseudor 
to determine a “ corrected ” position of mobile platform 170 ange data , Doppler data , carrier phase information , and 
when the position data derived from satellites 101 , 102 , and ephemeris data derived from satellites 101 - 103 . Module 170 
103 is ambiguous ( e . g . , when less than four such satellites receives data 210 , corresponding to various dynamic prop 
are observable by mobile platform 160 ) . Data 195 may be erties of mobile platform 160 ( e . g . , speed , yaw rate , etc . ) , 
populated in a variety of ways . For example , data 195 may 40 which may be determined from an inertial measurement unit 
be adaptively populated and improved over time based on ( IMU ) ( not shown ) or the like integrated into mobile plat 
GPS data received simultaneously with range data from form 160 . Data 210 may also include signals from a variety 
multiple mobile platforms 160 as those mobile platforms of additional sensor devices providing , for example , video , 
pass by and interact with APs 141 and 142 . That is , data 195 LiDAR , radar , and ultrasonic signals associated with the 
may be “ crowd - sourced ” from multiple mobile platforms 45 mobile platform 160 . 
160 . Module 170 further receives wireless position data ( e . g . , 

Wireless access points 141 and 142 may be implemented data 195 stored on server 192 ) characterizing the position of 
as any form of network component configured to provide APs 141 and 142 within environment 110 . Finally , module 
wireless access to a network . In accordance with one 170 receives range data ( determined , for example , via time 
embodiment , APs 141 and 142 are implemented as access 50 of - flight echo techniques ) corresponding to ranges 151 and 
points conforming to the IEEE 802 . 11 family of standards 152 from mobile platform 160 to APs 141 and 142 , respec 
( e . g . , “ WiFi ” ) . In one embodiment , wireless access points tively . 
141 and 142 are implemented as what is often termed a Having thus given an overview of a positioning system 
" next - gen ” WiFi AP that includes the capability of deter - 100 and a positioning fusion module 170 in accordance with 
mining range measurement using time - of - flight techniques 55 one embodiment , FIG . 3 is a flowchart depicting a position 
as set forth in the IEEE 802 . 11v standard . That is , mobile ing method 300 in accordance with various embodiments , 
platform 160 is configured to determine ranges 151 and 152 and will , without loss of generality , be described in con 
based on the time required for signals to " echo ” back and junction with the embodiment shown in FIGS . 1 and 2 . 
forth between mobile platform 160 and APs 141 and 142 . First , at 302 , module 170 acquires GPS position data 

In general , GPS satellites 101 - 103 broadcast microwave 60 ( 211 ) associated with mobile platform 160 from the GPS 
signals that allow GPS receivers ( e . g . , mobile platform 160 ) satellites ( 101 - 103 ) that are observable by mobile platform 
on or near the Earth ' s surface ( in environment 110 ) to 160 . This may be performed periodically , or only when the 
determine its location as well as a synchronized time value . plurality of GPS satellites observable by the mobile platform 
GPS signals , as is known in the art , generally include is less than a predetermined number ( e . g . , four ) GPS satel 
ranging signals , used to measure the distance ( 111 - 113 ) to 65 lites . 
the respective satellites ( 101 - 103 ) , as well as various navi - Next , at 304 , module 170 acquires ( e . g . , via time - of - flight 
gation messages . The navigation messages include , for measurements ) a set of wireless range measurements ( 213 ) 
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associated with mobile platform 160 and a plurality of Having thus given an overview of a positioning system 
wireless access points ( e . g . , 141 , 142 ) in communication and associated method , a detailed description of an exem 
with mobile platform 160 . In this regard , mobile platform plary method in which position fusion module 170 may 
160 is “ in communication with ” APs 141 , 142 in the sense determine the corrected position ( corrected heading and / or 
that the communication ( e . g . , receipt of beacon signals , 5 corrected velocity of the mobile platform 160 ) will now be 
initiation of the association process ) is sufficient to allow set forth in conjunction with FIG . 4 and FIG . 1 . Briefly , the 
measurement of ranges 151 and 152 . Mobile platform 160 following equations set forth an iterative algorithm based on 
need not be strictly associated with AP 141 , 142 . In accor estimation theory . 

First , at 402 , the predicted position of mobile platform dance with various embodiments , a wireless range measure 
ment ( such as wireless range measurement 213 ) is deter 10 160 is given as ? = Ã , ? , Ž ) , corresponding to the x , y , and 

z coordinates ( e . g . , in ECEF coordinate frame ) within envi mined via time - of - flight measurements of back - and - forth ronment 110 . The equations for the unknown position p of communication between two nodes A and B ( which might mobile platform 160 including GPS receiver clock drift T correspond , for example , to mobile platform 160 and wire are then given as : less access point 141 , respectively ) as follows : let to repre - 15 
sent the time at which node A sends a packet ( i . e . , a data V ( X - X ( s : ) ) 2 + ( Y - Y ( $ : ) ) 2 + ( Z - Z ( s : ) ) + cT = P ( s : ) + V ; 
packet as is known in the art ) to node B ( measured at node 
A ) , let t1 represent the time at which node B receives this V ( X - X ( wr ) + ( Y - Y ( wr ) ) + ( Z - Z ( WL ) ) 2 = P ( Wx ] + V % 
packet from node A ( measured at node B ) , let t2 represent where X , Y , and Z are the coordinates of the position p ; 
the time at which node B sends the packet to node A 20 X ( s ; ) , Y ( s : ) , and Z ( s : ) are the coordinates of the position of 
( measured at node B ) , and let t3 represent the time at which the s , - th satellite ( 101 , 102 , etc . ) ; X ( wk ) , Y ( wr ) , and Z ( Wx ) 
node A receives the packet from node B ( measured at node are the coordinates of the position of the Wz - th WiFi AP ( e . g . , 
A ) . The time - of - flight is then calculated as half of the overall 141 , 142 ) ; p ( s ; ) and p ( w ) are the measured ranges ( e . g . , 
round trip time of the packet ( t3 , t0 ) minus the interval 151 , 152 ) between the mobile platform 160 and the s ; - th 
between when node B received and sent the packet ( t2 - t1 ) . 25 satellite and wz - th WiFi AP , respectively ; and c is the speed 
That is , time - of - flight = ( ( t3 , t0 ) - ( t2 - t1 ) ) / 2 . of light in vacuum . 
Next , at 306 , mobile platform 160 receives , from server For satellites i = 1 , 2 , 3 ( corresponding , e . g . , to 101 - 103 ) 

192 , wireless position data 212 associated with wireless and WiFi APs 141 and 142 k = a , b ; V ; and V are random noise 
access points 141 and 142 . This data may take a variety of terms . Linearizing the measurement equations ( 1 ) and ( 2 ) in 
forms , but in one embodiment includes a list of APs ( in - 30 the neighborhood of õ gives : 
dexed by the unique MAC address of each AP ) along with 
geographical positions of those APs in a suitable coordinate Let p ( . ) = V ( = X { s : ) ? + ( 7 - Y ( s . ) ? + ( Ž - Z { s : ) ? 
frame ( e . g . , an ECEF coordinate frame ) . Receipt of data 213 
may be the result of module 170 querying server 192 for the and p ( wx ) = V ( † = X ( wr ) ) 2 + ( 9 - Y ( ws . ) + Z - Z { w } ) } ? 
coordinates of APs 141 and 142 ( a subset of data 195 ) based 35 Equation ( 1 ) may be approximated as : 
on the MAC addresses determined by mobile platform 160 . 
Data 195 may be stored as any convenient data structure , 
and may include various other pieces of information , such as 
a statistical measure ( e . g . , confidence interval and covari 
ance matrix ) associated with the AP position in formation . 40 
Any suitable data structure and / or database may be used to 
store wireless position data 212 . and Equation ( 2 ) may be approximated as : 

Data 195 may be populated in a variety of ways . For 
example , data 195 may be adaptively populated and 
improved over time based on GPS data received simultane - 45 ? – X ( wk ) iu – Y ( wk ) is Ž - Z ( wk ) 
ously with range data from multiple mobile platforms 160 as ( wk ) 
those mobile platforms pass by and interact with APs 141 p ( wk ) – Þ ( wk ) . and 142 . That is , data 195 may be " crowd - sourced ” from 
multiple mobile platforms 160 . The present disclosure is not 
so limited , however , and applies to any positioning system 50 Furthermore , equations ( 5 ) and ( 6 ) can be combined and 
100 that utilizes wireless position information 212 as expressed as an equality in matrix form as : 
described above , regardless of how data 195 is produced . 

Next , at 308 , module 170 determines a corrected position 
215 of the mobile platform 160 based on the wireless Ý Ý – X ( s ; ) { – Y ( s ; ) 7 – Z ( s ; ) 
position data 212 , the wireless range measurements 213 , and 55 õ ( s ; ) Õ ( si ) õ ( s ; ) 
the GPS position data 211 . Module 170 may also use - X ( wk ) û - Y ( wk ) Ž - Z ( wk ) dynamic data 210 to further refine the correction and deter õ ( wk ) ( W ) Õ ( W õ ( wk ) ) õ ( wk ) mine a heading and / or velocity of mobile platform 160 . 

Determining the corrected position may be accomplished 
( X – X ( s ; ) in a variety of ways , but in general includes “ fusing ” and 60 { – Y ( s ; ) 7 - Z ( s ; ) | Ý 

integrating what is known about the position of mobile ( P ( s ; ) – õ ( si ) – cT ) . Þ ( si ) õ ( si ) õ ( si ) 
platform 160 given the ( potentially ambiguous ) information p ( wk ) – õ ( wk ) | ? – X ( wk ) û - Y ( w ) Ž - Z ( wk ) 
from satellites 101 - 103 and the potentially more accurate l õ ( wk ) õ ( wk ) Õ ( wk ) 112 ) 
data from APs 141 and 142 . For example , the range data 151 
and 152 along with the position information 212 may be 65 
weighted more heavily when averaged along with the GPS Writing Equation ( 7 ) in matrix operation form gives : 
position data 211 to determine a corrected position 215 . Hp = o + HP + v , 

@ 

@ * * ( * ) ( x = 8 ) + Y318 ( Y - ) + 2 7350 ( 2 - 2 ) + ( 7 = pls : ) ( si ) 

( 6 ) 
( w * ) ( X - X + * * ' ( 2 - Ž ) = ( WL ) 

na ay 

na 

a 

11 N 

men 
det er 
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where v is a random noise term . Without loss generality , What is claimed is : 
it can be assumed that v is zero - mean with an identity 1 . A positioning method , comprising : 
covariance matrix . If v is a zero - mean Gaussian distribution , acquiring global positioning system ( GPS ) position data 
or V - N ( 0 , R ) , one can multiply both side by the Cholesky associated with a mobile platform from a plurality of 
factor of the inverse of R to derive measurement equation 5 GPS satellites observable by the mobile platform ; 
with an identity covariance matrix . acquiring a set of wireless range measurements associated 

Assuming the predicted position õ is in Gaussian distri the mobile platform and a plurality of wireless access 
bution N ( u , 3 ) , or in information array form : ( Prior ) p ~ [ R , points in communication with the mobile platform ; 
ž ] , where ? ? = - 1 , Ru = ž , at 406 the matrix receiving , from a server communicatively coupled to the 

mobile platform over a network , wireless position data 
associated with the plurality of wireless access points ; 

? 2 ] and 
Hol ' determining a corrected GPS position associated with the 

15 mobile platform based on the wireless range measure 
can be constructed and QR decomposition applied such that ments acquired from the wireless access points in 
the upper triangular matrix can be written as communication with the mobile platform . 

2 . The method of claim 1 , wherein acquiring the wireless 
range measurements includes determining a distance from 

20 the mobile platform to each of the plurality of wireless 
access points using WiFi time - of - flight measurement infor 
mation provided by the wireless access points . 

3 . The method of claim 1 , wherein the corrected position 
At 408 , the corrected position p = R - 2 , with the posterior is determined when the plurality of GPS satellites observ 
distribution p ~ [ R , Î ] , can then be provided ( corresponding to 25 able by the mobile platform is less than four GPS satellites . 
215 in FIG . 2 ) . 4 . The method of claim 1 , wherein the mobile platform is 

Assuming the mobile platform dynamic equation p = f ( p , an automotive vehicle . 
V ) + w , where p is the previous corrected position at time t , v 5 . The method of claim 1 . including determining the 
is mobile platform velocity vector , w is a Gaussian noise corrected position based on a yaw rate and a speed of the 
vector with zero - mean and unity covariance , and õ is the 30 mobile platform 
predicted mobile platform position at time t + At . The above 6 . The method of claim 5 , further including determining nonlinear dynamic equation can be linearized ( at 410 ) within a corrected heading and velocity of the mobile platform the neighborhood of p as Fp + Gp = u + W . based on the wireless position data , the wireless range Constructing , at 412 , the matrix 35 measurements , and the GPS position data . 

7 . The method of claim 1 , wherein the corrected position 
is based on a predicted position and a posterior distribution ( ? 021 associated with the predicted position . 

lo Full 8 . A positioning module for a mobile platform , the posi 
40 tioning module comprising : 

and applying QR decomposition , one can obtain the upper a processor ; 
triangular matrix a memory configured to store software instructions that , 

when executed by the processor , cause the processor to : 
acquire a set of wireless range measurements associ 

Na By ated with the mobile platform and a plurality of 
lo ? Z ) wireless access points in communication with the 

mobile platform ; 
receive , from a server communicatively coupled to the The predicted position , at time t + At , is then p = R - 1Ž with a mobile platform over a network , wireless position distribution of - [ R , ž ] . Now the predicted ( prior ) distribu - 50 data associated with the plurality of wireless access tion is ready for deriving posterior distribution upon arrival points ; and of new measurements ( corresponding , for example , to 302 determine a corrected GPS position associated with the 304 of FIG . 3 ) . 

While at least one exemplary embodiment has been mobile platform based on the wireless range mea 
presented in the foregoing detailed description , it should be 55 surements acquired from the wireless access points 
appreciated that a vast number of variations exist . It should in communication with the mobile platform . 
also be appreciated that the exemplary embodiment or 9 . The positioning module of claim 8 , wherein a distance 
exemplary embodiments are only examples , and are not from the mobile platform to each of the plurality of wireless 
intended to limit the scope , applicability , or configuration of access points is determined using WiFi time - of - flight mea 
the disclosure in any way . Rather , the foregoing detailed 60 surement information provided by the wireless access 
description will provide those skilled in the art with a points . 
convenient road map for implementing the exemplary 10 . The positioning module of claim 8 , wherein the 
embodiment or exemplary embodiments . It should be under corrected position is determined based on the number of 
stood that various changes can be made in the function and GPS satellites observable by the mobile platform . 
arrangement of elements without departing from the scope 65 11 . The positioning module of claim 8 , wherein the 
of the disclosure as set forth in the appended claims and the positioning module is configured to be integrated into a 
legal equivalents thereof . transportation system . 

45 
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12 . The positioning module of claim 8 , wherein the 
software instructions further cause the processor to deter 
mine the corrected position based on a yaw rate and a speed 
of the mobile platform . 

13 . The positioning module of claim 12 , wherein the 5 
software instructions further cause the processor to deter 
mine a corrected heading and velocity of the mobile plat 
form based on the wireless position data , the wireless range 
measurements , and the GPS position data . 

14 . The positioning module of claim 8 , wherein the 10 
corrected GPS position is based on a predicted position and 
a posterior distribution associated therewith . 

* * * * * 


